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( S7 ) ABSTRACT 

^closed is a measuring system for measuring performance 
of an imaging optical system by use of antoterferomeW 

S mc,u ^ mterferoincter to «s 

ration wavefioate separately or sequentially, in relation to 
n 0De P ^ "»■■■»■* Points defined JZ" 
plawpeipendKuIar to an optical axis of the imagine optfcaj 
jOT, wherein position coordinates of objealdTLd 
^e«^aen, 6 points of the plural measviementpoPs 

witt lie mterferometer, die oomputiiig unit being opcrdble 
to calculate a wwefrom as measured by the interfSci 

stete of the nBagmg optical system, and the eomp UU 3* 
being operable to correct a measured vahw related to al 
,W^ a ^ Ve ? 01 " ab€rralion ** d « ittiagine state „m e 
unagmg optical system at another measurumeni point, wlile 
taking, as a reference, at least one of a wavefroni aberration 
and an imaging state at a standard point set along a plane 
perpendicular to the optical axis. -™&apiane 

f 

27 Claims, 7 Drawing Sheets 
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measuring system for performance 

OF IMAGING OPTICAL SYSTEM 

FIELD OF tAe INVENTION AND RELATED 
ART 

This invention relates to a measuring method and a 
measuring system jfor measuring ihe performance of an 
imaging optical system. Mote particularly, the invention 
concerns high precision measurement of distortion and field 
curvaiurc of an imaging optical system. 

Conventionally; tyigh precision measurement of distortion 
and curvature of field of an imaging optical system such as 
an imaging lens used in a projection exposure apparatus, is 
based on two methods such as follows. 

FIO. 6 shows a [first measurement method in which a 
plurality of patterns t of the same shape, formed on a 
reference sample 2|at positions corresponding to the view 
angle of a lens 5 tp be inspected, arc projected by the lens 
5 onto a photosensitive member as reference patterns. The 
photosensitive member having the patterns transferred 
thereto is then subjected to a development process, whereby 
images of the reference patterns are made visible upon the 
photosensitive member. 

The transferred and developed images of the reference 
patterns on the photosensitive member are then subjected to 
a measurement process for measuring absolute position 
coordinate (Xi, Yi)^" is the pattern number). Hie absolute 
position coordinates measurement is based on observation 30 
using a microscopej for example. From the measured posi- 
tion coordinates (Xj, Yi) of each patterns thus obtained and 
the idealistic position coordinates (X0i, YOi) of these 
patterns, the imaging position errors (Dxi, Dyi), that is, 
distortion, can be calculated in accordance with the follow- 3 < 
ing equations: 

DxfeXi-Jfii and \Dyi=fi-YQi 

In the measurement of curvature of field, after the refer* 
ence patterns mentioned above are once transferred, the 40 
photosensitive member 3 is moved in X and Y directions 
(directions orthogonal to the optical axis of the lens to be 
inspected), by movihg a three-axis stage 4 shown in FIG. 6. 
The movement amount in the X and Y directions is made 
larger than ihe size of each reference pattern image but 45 
smaller than the spicing of two adjacent reference pattern 
images. Subsequently, while keeping the coordinates (X, Y) 
of the stage, the $taxje is moved in a Z-axis direction (optical 
axis direction), by (which the photosensidve member 3 is 
moved out of fbcuslwith the image plane of the lens. Then, 50 
plural reference patterns arc transferred to the photosensitive 
member. | 

The sequential procedure of X, Y and Z stage motions and 
pattern transfer opefation described above is repeated until 
a necessary defocus amount is accomplished After the 55 
printing operarion j under the last defocus-condition is 
completed, like The distortion measurement described 
hereinbefore, the photosensitive member 3 is developed, 
whereby transferred images of the reference patterns are 
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The comparison of the reference pattern images is based on 
observation using a microscope, for example. Then, j the 
image plane positions detennined at each view angle posi- 
tions are compared with each Other, by which the curvature 

of field inside the view angle of the lens 5 ro be inspected tan 
be obtained - 

FIG. 7 shows a second measuring method which uscs| an 
interferometer in place of transferred images. ; 

The structure of FIG. 7 is what can be called a Fizeau type 
interferometer, and it comprises a transmission sphere fens 
(TS lens) 10 whose final surface is used as a reference 
surface, and a reflectance sphere mirror {RS mirror) 9, and 
so on. • 

Parallel light emitted from a major assembly of ithe 
interferometer is reflected by a fixed miiror, mounted cjn a 
base table, in a direction of the depth of the sheet of jrhe 
drawing (i 0., forwardly in the drawing). The reflected IJghi 
is then reflected by a mirror which is disposed on a TS fens 
driving Y stage 14 and, thereafter, it is reflected by another 
mirror 11 mounted on a TS lens dri /ing X stage 13. The light 
is then incident on the TS lens 10 which is mounted on a!TS 
lens driving Z stage 12. The light passing through tfaelTS 
lens 10 is converged upon a rear focal plane of the TS fens 
10, wherein the point of convergence is defined to! be 
registered approximately with the image plane of the lens 5 
to be inspected. Alter this, the light passing through the fens 
5 is collected again on the object plane, j 

Here, the RS mirror 9 is disposed so that the curvature 
center thereof coincides ar^rroximatcly with the poini of 
convergence of the light upon the object plane of the lenfe 5. 
The light incident on the RS mirror 9 goes backwardly along 
its onccrning path, and it enters the interferometer msjor 
assembly 6 as a detection wave. On the other hand, a portion 
of the light incident o n the TS lens 10 is reflected hvtthe 
reference surface oJUhe TS lens i<>, andlt goes bacJwarjJy 
along its oncoming path, such that it entnrs the interferom- 
eter major assembly 16 as a reference wave. 1 

Based on the detection wave and the reference wave tjuis 
entered, an interference fringe is produced in the interfer- 
ometer major assembly 16. Precise measu remenl based ejn a 
fringe scan method, for example, is performed co mea&re 
the interference fringe, and calculation of the transmis^on 
wavefront at the measurement image point of the lens 5 is 

executed, ; 

Distance measuring w£~l8-23 measure the position 
coordinates (TSXi, TSYi, TSZi) of the TS lens 10 adjacbit 
its rear focal point, in the transmission wavefrpnt 
measurement, as well as the position coordinates (RSpG, 
RSYi, RSZi) of the RS mirror 9 adjacent its curvature center! 
The measurement may use a distance measuring gauge oi an 
encoder, for example. j 

Distortion can be calculated on the basis of a tilt compo- 
nent of the wavefront to be measured, as well as the 
coordinates of the TS lens focus and the RS rnirror curvatiire 
center. The error quantity (DXi, DYi) between the idealistic 
imaging position and the actual imaging position wjih 
respect to the X and Y directions, namely, distortion, is gi^en 
by the following equations; j 



In this manner, in the measurement of cairvature of filed, 
m relation to each view angle position, images of reference 
patterns are transferred to a single photosensitive member, 
under different defocus conditions. With respect to each 
view angle positiop, by comparing transferred defocus 
images, a sharpest mage is chosen and the corresponding 
defocus position is determined as the image plane position. 



60 



65 



where TSXi and TSYi are measured values of X ancj Y 
coordinates of the TS lens rear focal point at theith 
measurement position, RSXi and RSYi arc measured values 
of X and Y coordinates of the RS mirror curvature center, at 
the i-th measurement position, and ATSXi and ATSYi fcrc 
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collection amounts for the position coordinates of the TS 
lens 10 as obcainab Ic from the tilt components in X and Y 
directions of the me isured wavefront, which can be given by 
the following cquat ons: 

, i 

where TUtXi and JiltYi are tilt components in X and Y 
directions obtainable from the measured wavefront, X is the 
wavelength, NA is the image-plane side numerical aperture 
of the lens 5 to be Inspected, and p is an idealistic magni- 
fication. Also, ilie symbol "i" denotes the number which 
represents the position of the measurement point 

Similarly, the image plane position d£(*, y) of the 
measurement point ji having a coordinates (*, y) is deter- 
mined by the defocus component of the measured wavcfronl 
as well as the Z coordinates of the TS lens focal point and 
the RS mirror curvature center, and it can be given by the 
following equation:' 



20 



'1 

y)-DZO(0, 0)> 

i 

wherein D20(0, 0) k the defocus component obtained from 
the transmission waVcfront at an origin (0, 0) which is the 25 
image point on the optical axis, TSZfx, y),and RSZ(x, y ) are 
measured values of Z coordinates of the TS lens focal point 
and RS mirror curvature center at the point (x, y), 
respectively, and TSZ(0, 0) and RSZ(0, 0) are measured 
values of Z coordinates of the TS lens focal point and RS 30 
mirror curvature center at the origin (0, 0), respectively. 

The measurement at the first measurement point is com- 
pleted with the , above-described procedure, and 
subsequently, the TS lens 10 and ihc RS mirror 9 are moved 
toward a next measurement position, if any, and a similar 35 
measurement process is performed. This procedure is 
repeated for all the jmeasurcmcnt points. 

Although FIG. 7 shows a structure which is telecentric on 
the image side, the! lens 5 may be an imaging lens being 
telocentric both onj me object side and the image side. <to 
Further, the measurement can be done even to an imaging 
Icds not being telocentric, provided thai the TS lens is 
disposed so that the f S lens chief ray and the chief my of the 
lens to be inspected jare registered with each other. This can 
be accomplished byj tilting the TS lens, for example. as 

In the first measuring method described above, since it 
needs a printing process and a development process, the 
measurement precision may be deteriorated by a factor 
auributablc to the j process, namely, wafer flatness, for 
example. Even after the development process, it needs 
several processes such as a measurement process using a 
microscope. Additionally, the procedure in each process is 
complicated. As a result, it requires cumbersome works and 
much time to obtain a single distortion measured value. 
More fundamentally there is a possibility of accumulation 55 
of errors of measured values, being accumulated with the 
progress of processes. Further, in relation to the measure- 
ment of curvature of field, the curvature of field must be 
detected on the basis of the results of printing performed 
under different defocus conditions. This requires much time, 60 
and it involves deterioration of the measurement precision. 

In the second measuring method using an interferometer, 
on Hie other hand, measurement of distortion at a measure- 
ment image point as! well as measurement of the focal plane 
are repeated wimreipect to difi%reirt pomts, arid a distortion $s 
distribution and the curvature of field are calculated from the 
measurement results! This requires a long time for eomplc- 
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tion of the measurements to the whole view angle of the 4ns 
to be inspected. The TS lens or RS mirror mounted st^ge 
may be influenced by a change in environment or the like, 
and a drift may be produced in the measured value of jthc 
distortion or focal plane at each measurement image points. 
Further, due to rhe increasing precision of the lens to| be 
inspected, measurement of temperature or pressure, for 
example, necessary for the environment correction becomes 
difficult 

SUMMARY OF THE rNVENTION 

It is accordingly an object of the present invention to 
enable high precision measurement of distortion and cmjva- 
turc of field of an imaging optical system such as a lens, [for 
cxample, which is free from at least one of me inconve- 
niences described hereinbefore. 

These and other objects, features and advantages of jthc 
present invention will become more apparent upon a ctm- 
sideration of the following description of the preferred 
einbodiments of the present invention taken in conjunction 
with the accompanying drawings. 
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FIG. 1 is a schematic yiew of a first embodiment of ihe 
present invention. j 

FIG- 2 is a schematic view of an interference measuring 
unit in a second embodiment of the presunt invention. ; 

FIG. 3 is a schematic view of a third embodiment of jthc 
present invention. • 

FIG. 4 is a schematic view of a fourth embodiment of me 
present invention- ' 

FIG. 5 is a schematic view of a fifth embodiment of bie 
present invention. ; 

FIG. 6" is a schematic view for explaining a first conven- 
tional measuring method. i 

FIG, 7 is a schematic view for explaining a second 
conventional measuring method. 7 

DESCRIPTION OF THE PREF ERRED 
EMBODIMENTS 

FIG. 1 shows a first embodiment of the present inventibn. 
In FIG. 1, the interferometer comprises a major assembly 
16 and two sets of RS mirrors 9 and 25 and TS lenses 10 and 
24 to be used for an image point on an optical axis (which 
is a standard image point for providing a reference value jfor 
drift correction) and for another measurement point, respec- 
tively. The structure of FIG. 1 is what is called a Fizeau rype 
interferometer, and the final surface of the TS lens 
(Transmission Sphere lens) is used as a reference surracel It 
is to be noted here that, while the standard image point ean 
be set at any desired position if predetermined, from the 
standpoint of balance to all the measurement points, pif- 
erably an image point on the optical axis may be chosen 
therefor. ; 

Hereinafter, the TS lens 24 and the RS mirror 25 for the 
image point on the optical axis will be referred to as a drift 
value referring TS lens 24 and a drift value referring IS 
inirror, respectively. The TS lens 10 and the RS mirror 9 Tor 
the other measurement point will be referred to simply as a 
TS lens 10 and an RS mirror 9. 

Parallel light emitted from the major assembly 16 of ihc 
rntcrfcromcter is reflected by a fixed mirror, mounted on a 
base table 15, in a direction of the depth of the sheet of the 
drawing (i.e., forwardly in the drawing). The reflected li£ht 
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„ ■ . ■ v~Zl~~r/ 1 ? faDr whtch is *^osed en a TS lens 
onvmg Y stage 14 ; nd another mirror which is mounted en 
aTS lens driving :c stage 13. The reflected light is *«, 
mcmcnton the TSlens 10 which is mounted ona TS lens 
driving Z sage 12. fhe light passing through the TS lens 10 5 
irW - at *P? ilion whic " l» «P<» «he rear fecal plane 
or the TS lens 10 add which is substantially comeident wh* 
the object plane at Tie lens 5. The ±us converted 
passesflie lens Sjto b= inspected and, mereafle? Sis 
collecled again upon the image plane of tie leas S At the to 
image iplanc side, the RS minor (Reflectance Sphere minw) 

Ln^F°?% W CU P nam> CBntcr ^eof coincides 

approxnnately witbj the point of convergence of the light 
upon to image plane of the lens 5. Thus, the light as 
reflected by the RS minor 9 goes backwardly S to .s 

h^5 P ^ d ? t * e ^^eter major asL 
oly 16 as a detection wave. 

™L^A° , k r >4 * Donion of*" light incident on the 
TS lensio is reflected by thereference surface offteTS lens 
> rt joes baclwardly along its oncoming path, such 
UuU ,t enters the mterfcrometer major assembly^ as a 
ieicrvnce wave. , 

™ e J?*™ ^•Sring interferometer has a similar 
wSF Llgtt throu B l » *« <Wft value referring TS 

Si" convcrgediat a rear focal plane of the lens 24 The 
of ^«B«** point approximately coincides 
with tie object plane of the l e „ s 5 to be examined. The 
co^u^ hght passes the lens 5 and, thereafter, it is collected 
«gam « the image plane side. At the image plane side, the 
dnll value referring; RS mirror 25 is disposed so to to 
curvature center approximately coincides with the light 
.^c^gence poirit upon the image plane of the lens tote 
^**»*4Jhe light! reflected bythe RS mirror J&E 
wardiy along ,ts oncoining path, and it enters the interfer- 
ometer m^or assembly Was a drift value referring detection 

On the ftherhajid, 1 a portion of lie light entering the drift 
value refemng TS lens 24, fixedly mounted on the base table 
J5. is reflected by the reference surface of the lens 24. and 
it goes backward]/ along its oncoming path and enters the 
uterometer major assembly as a drift «hio referring 
reference wave, j fi 

h d^ embodiment, the drift value rererring RS minor 25 
and the other RS mirror 9 for the reinain^ measurement 
pomt have deferent Curvature radii and, the disumce < 5 

r "P" oflhe VaJ w referring TS lens 
t S ^i^ °f f"«*Point thereof differs from the distance 
between the final surface of tie TS lens 1 0 for the remain™ 
measurement point and the rear focal point thereof 
fc™'^, 81 "? tty be «a<k equal to each oiher' 
fixed but they may be provided on a movable stage. 

In this embodiment as regards the standard image point, 

l - m ***** *•» U ' 69 ■*! » " well as theRS 
fTT-^^i?^ 70 ** 71 shouId be ^"wed so as 
to avoid distobance to the light which passes the drift value 

nS^hT^sT* 0 - * «■» embodiment, as shown in « 
no. 2, the TS lens ts provided as an r8Z stage about the 
opUcal axis of the drift value referring optical ^ md 
S SM^^ 011 " f » 6 stage <S9 and al, opening. 
This fi.etl.tata, the mechanical design for avoiaWftc 
disturbance or interference. 6 w 

The RS mirror 9 and the drift value referring RS mirror 25 
can be seemingly mbved in the optical axil direction by 
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means of a piezoelectric device, for exsumlfAt each scan 
positions, an interference fringe due to the drift value 
retemng reference wave and the drift value referring deiec- 
non wave (hereinafter, first interference fhnge), as win ai an 
mterference fringe due to the reference wave and the defec- 
tion wave (heremafter, second interference fringe) are mea- 
sured by a camera inside the interferometer major ass« an bry 
m the intense data. The measurement result L traSJcd 

iLZJtnl l°^ tM '. Md Emission waveftoMs 
^remafter, first transmission wavefront and second trans! 

and second mterference fringes. The interference fringe 
measurement uses a fringe scan method, such that high 
precision phase measurement is enabled. The camera inside 
4e interferometer major assembly, for detecting tie bfer- 
'^i* ™y ^ Provided in two tadependtet 
channel ror the first and second intarference fiin^ 
separately . ot : it : may be provided in a single channel JL 
nire wherem both of the first and second mterference fringes 
are detected by a one and the same mmcm ? . 

aM ™! dislanC6 measuring units 18-23 and 2U1 arc opfer. 
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^S.^! I 0031 P 0 ™ of mc TS lens 10 in |hc 
transmission wavefront measurement, the nosition 

JSZ0 ) adjacent the rear focal point of the drift value 

Sif s?0l) » i c ^ 1116 curvHiwc ^ «f a« Sift 

value referrrng RS mirror 25. ; 

In the position coordinates measurement, a mirror! is 
disposed at a position close to bodi points, and this mirror 
posmon « measured by using an interference disuuL 
gauge, for example. Where the measurement is carried out 
by using a mirror placed away from the both points the 

and rolhng) may be measured so that the distance between 

In this embodiment, the measuring unit* 18-23 use inter- 
ference distance gauges, and the drift value referring optical 
system and the optical system for tie oilier mcawemeW 
pomt are measured separately. Prom ihe difference in mea- 
sured distance in this structure, the opticsd system for le 
measurement pomt can always be represented by a relative 
value w.m respect to tie drift value referring optical system, 

opucal system for the measurement point can be^ccM 
Thu^the measurement with the drift value refetrmgTpdaai 
system for measuring the reference image point is peTformid 
frequently, in other words, it is done JLy times moreSS 
me measurement for me measurement point. j 

Next, measurement of distortion wd curvature of field in 
the present invention will be described in greater detail I 

«J£^Z* w ^ w ^J S}emZ4mi ^mirror 25 are 
^"^.^.I wmton ^opti ea i„i S ar.d an object pork 
on the optical axis, that is, a standard point In this state uje 
RS mirror 9 and the RS lens 10 are moved toward the £ 
™»««remeni pomt. The motion is performed while aimiri R 

? t " which 8 «»**«■ "l^on is substaf 

haUy satisfied between the rear focal point of the TS lens arid 
the curvature center of the RS mirror. The coordinates beZ 
aimed at are set as relative coordinates with respect to the RS 
«mor 25 and TS lens 24, being disposed atfte origin! 1 
Siisequratly, measurement of the transmission wave- 
front is performed at the i-th measurement point. 
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Simultaneously, the position coordinates of the TS lens rear 
focal point, RS mirror curvature center, the drift value 
referring TS lens rear focal point, and the drift value 
referring RS mirrtn-leurvatuTC center. Here, the traismission 
wavefront which i i obtainable from a standard point for 
referring to the drift value is called a first transmission 
wavefront, and the dransmission wavefrom which is obtain- 
able from the i-th Measurement point is called a second 
transmission wavefijont 

Then, the tilt component and the defoens component of 
the measured transmission wavefronts are calculated. These 
components can be| detected by fitting the transmission 
wavefront dat» in accordance with Zeraike polynomial, 
using a least square method, for example. The calculation is 
done with respect to each of the first and second transmis- 
sion wavefronts. j 

From the tilt components of the measured first and second 
transmission wavefitonts, the measured coordinates (TSXi, 
TSYI) of the TS lenfc 10, the measured coordinates (RSXi, 
RSYi) of the RS mirror 9, the measured coordinates (TSXOi, 
TSYOi) of the drift' value referring TS lens 24, and the 
measured coordinates (RSXOi, RSYOi) of the drift value 
referring RS mirror; 25, and in accordance with equations 
below, error quantities (DXi, DYi) between the idealistic 
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center, TSZ(X0i) and RSZ(X0i, YOi) arc measured value* of 
the position coordinates of the drift value referring TS Ibns 
rear focal point and the drift value referring RS mi£or 
curvanrre center. The defocus component from the measure- 
ment wave can be calculated by computing the contrast 
value while applying a spherical component, corresponolng 
to the defocus component, to the measurement wavefront. 
The defocus position with a best contrast value are taken as 
the image point at ihe print (Xi, Yi), for example. 1 

The measurement with regard to the i-th measurement 
point is completed as above. If there is a subsequent mea- 
surement point, the TS lens 10 and the RS mirror 9 are 
moved toward me next measurement position, and ihe 
procedure from the measurement of the transmission waves 
13 front is repeated again. 

After the measurement at the last measurement pour! is 
completed, the error quantity (DXi, DYi) between the ide- 
alistic imaging point and the actual imaging point at eJch 
measurement points and the focal plane DZ(Xi, Yi) ire 
20 syntricske^sucht^ 

of field within the view angle of the lens to be examined ire 
obtained while even taking into account the transmission 
wavefront. ; 
In this embodiment, an interference distance gauge! is 



imaging position and the actual imaging position with 25 to suppress the drift of a movable staee andtheefleet 



_ , > ~™ ™ ™— . puatuuii Willi 

respect to the X and Y directions, namely, the distortion, can 
be calculated. • 

i 

where TSX01 and TSY01 as weD as RSX01 and RSYOI arc 
measured coordinates of the drift value referring TS lens and 
RS mirror in the first measurement, ATSXi and ATSYI arc 
correction amounts for the position coordinates of the TS 
lens as obtainable from the tilt components in X and Y 
directions of the measured wavefront, which are given by 
the following equations: 



35 



i 

wherein TiltXOi, TUtYOi, TiltXi and UltYi are tilt compo- 
nents in X and Y directions at the standard image point and 
the measurement image point as obtainable from the first 
and second wavefronts in the i-th measurement, TiltXOl and 
TiItYQl are tilt components in X and Y directions of the 
reference image point (the position of the drift value refer. 



of drift due to any other factor is corrected by continuously 
monitoring the axial wavefront, Thus, hif h precision mea- 
surement of distortion and curvature of field is enabled.! 
A second embodiment of the present invention is arran^d 
30 so that any change with respect to time of distortion and 
curvature of field can be observed without an observation 
system for a reference image point as used in the first 
embodiment, and the structure is similar to the second 
measuring method. j 

t In order to detennine the curvature of field and the 
atstortion distribution inside the view angle of a lens to tie 
inspected, it is necessary to measure the distortion and foeal 
plane at Afferent image points within the view angle. In this 
embodiment, during measurement with respect to the d|f- 
40 ferent image points, measurement of an axial image pomt 
corresponding to a standard image point is performed maiy 
tunes. From the quantity of changes in distortion and fbdal 
plane at the standard image point, a variation component 
with respect to time at the other measurement points lis 
4$ calculated, and correction is performed accordingly. ' 
If it is assumed that, with regard to the i-th measuremeiit 
P° mt ^ measurement of a standard point jOst 

before it is performed in relation lo the (i-3)th measurement 



. " — — a» *~"^ L v u «- lAHuuon ui me arm value rcier- _ ■ , ^ . " ui^aauLcmm 

ring TS lens 24 and RS minor 25) in the first measurement „ P 5 tod *c measurement of a standard rxuntjust after it iis 
X is the wavelength, NA is the image-plane side numerical P BIf0Jlned * measurement point, distortion after 



- - — - — «v ***** lUH^muiuem, 

A is the wavelength, NA is the image-plane side numerical 
aperture of the lens (5 to be inspected, 0 is an idealistic 
magnification, and ij is the number which represents the 
position of the measurement point 

The image plane position DZ(Xi, Yi) of me i-th measure- 
ment point can be expressed by the following equation, in 
terms of the defocus components of the first and second 
transmission wavefronts, and the coordinates of the TS lens 
focal point and the curvature center of the RS mirror as 
follows 



DZW, YI)=ISZQg\ Y0-TSZVCO, TOO+MASZtAJ, *>*SZlXDt 

wherein D20(X0i, YOi) and DZ0(Xi, YI) are defocus com- 
ponents obtainable from the first and second transmission 
waveftows, TS2(Xi,!Yi) and RSZ(Xi, Yi) are measured 
values of the TS lens focal point and RS mirror curvature 



correction of the i-th variation quantity with respect to fcic 
can be determined by the following equations: J 

The correction formulae mentioned above are detenrunad 
while taking the variation quantities with respect to time if 
6o each measurement image points as linear complement to trie 
variation quantity with respect to time of the standard imade 
point Here, DXdc(XI, Yi) and DYde(Xi, YI) are distortion 
at the i-th measurement point after correction of the varia- 
tion with respect to time, DX(Xi, Yi) and DY(Xi, Yi) afc 
measured values of distortion at the i-th measurement poini, 
and DX0 and DY0 arc distortion at die stan< lard image poiiit 
Each argument show the correspondence of the measunj- 
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Sitl^^^rf A* ^ds the measurement of the focus position of eachlTS 
._ _r ■ S EtT^ C ^Ff^ 1 shows ^ lens, an RS mirror disposed on a movable 5 tag C may be uled 

* ^ regards the dtaetum of the focal plane, sitailar cor- interferometer may be construct directly t 0 L c hTC 

«*aon is possible, ^specifically: , From me position coordinates of thcRS riband iSX 

iwtf v, «Lv. component of the measurement wavefront, the rear focus 

dz(x,. ro = jap^ yq - psw+ » - Tszai- a)y»Ht + A) - position can be measured. As regards the RS minor group 

V^i-afrne+W-RSZKi-ay+DZXKn YD- io ^ c maimer of calculating disttmion imd focal plans' at 

m L;±™ m » each measurement points, during and after the measurement, 

Wfit+b))-DW-a))a/o,+b)-DZKi-*) is the same as in the first embedment. However, sincepSS 

! measurement points can be measured simiaJkncousfy in Ms 

wtcre DZ(Xi, Yi) lis the defocus component at the i-th ^^^SS^j£^ Sf^^^ 
measurement point [after correction of the Wion with 15 can be shortened^sio^^ measurement time 

reject to time TSZ (Xi^Ti) and RSZ(X,, Yi) arc measured TO. 4 shows the structure of a fourth embodimbnt 
values of coordinates of the TS lens focus and RS mirror according to ihe present invention. In tm P ™bodSeTEe 
cwTjature center position at the i-th measurement point, ^ ™™ 0*up of the second embodiment is replaatf by a 
i and RSZ0 are measured values of the TS lens focus P Iawc mirror 34. f 
and RS mirror curyature center position at the standard 20 The ^ e Br ^ r 34 is disposed upon toe image planej of 
image point Each argument shows the correspondence of the lens 5 t0 be examined. For the measurement, the lens 
the measurement aijthe standard point with the number of should be telecentric on one side or both sides. If itj is 
r measuremcnrfioiw-pZOOa ri) denotes the defocus com- Eccentric on one side thereof, the chief ray of the TS Jens 
Cfc^V. ponent obtained from the transrniasion wavefronL Hie argu- thc chief ™Y of the lens u> be examined should .be 

incm l shows that the first measurement is to (he standard 25 re lP3tcred with each other. Thus, the TS lens may be tilted, 
image point, and p Henotes the idealistic imaging magnify for cxam P le > to this end. f 
cation of the lens being examined Although the structure is simplified by replacing the RS 

Tn this euibotiment, as regards the method of comple- mirror by a fiat mirror, only the rcvoludonaliy symmetrical 
mennng the vanaudn amount at each measurement image component of the transmission wavefiom of the lens tolbc 
point with respect toi time, suaight complement based on the 30 examined can be calculated with this structure Theiefrie 
amount of changes, with time, between two standard-image- distortion can not be measured in tliis embodimcV 
point measurements ( before and alter the measurement image However, simultaneous measurement of the focal plane vAih 
point However, theinumber of standard image points to be respect m different measurement points caa be done withbut 
used for the complementation mav be other than two. Also, difficulties involved in the manufacture of the RS mirtor 
ii c eii ^ a curved complementatTon may be &<U. 3* group. This is an advantage in this embodiment The caliu- 

^ ' * Where the above-described correction is carried out to the Iation of ^ P^e is similar to tliat of the second 

whole measurement points, any change in distortion or measuring method described hereinbefore. T 
curvature of field with respect to time can be corrected and nG - 5 Sn0W S a ^ embodiment of the present invention 
reduced even by use jof a single set of TS lens and RS mirror, m ^ embodiment, the lens performance measuring system 
Therefore, a lens performance measuring system capable of 40 of me pwsent invention is incorporated into a projection 
domg high precision measurement is accomplished. exposure apparatus having a projection optical system wh<ch 

FIG. 3 shows the structure of a third embodiment accord- 15 me lens to be examined. This embodiment enables h&h 
ing to the present invention. While the first embodiment uses Precision measurement of distortion and curvature of fielolof 
two sets Of TS lenses and RS mirrors, this embodiment uses a Projection optical system within die major assembly of mc 
plural sets of TS lenses and RS mirrors, to enable simulta- 45 P^j^on exposure apparatus. 

neous measurement at plural measurement points in addition Tn FIG - 5 > me light emitted from an exposure light source 
to the standard inuigc point Because of the increase in 43 5Uch 35 an excimer laser is transformed by a belm 
nU T^°T fTS kn^jand RS mirrors, independent motion of shaping optical system 44 into a beam sliape symmetrical 
each TS lens and RS mirror is not adopted in this embodi- respect to the optical axis, and then it is directed to a 

m< 2£' ! 50 % nt P a *mterehan^inirror4S.^ 

Tn© curvarure centers of each spherical mirrors of the RS oul ° r ^ c ^fiht path during the normal exposure process teo 
mirror group 33 are disposed to satisfy the conjugate relation ^ ^ light is directed toward an iUuminaiion optical 
with the rear focal points of corresponding lenses of the TS svscem 4 * More specifically, the light eimrted from the 
lens group 32. Namely, wheitt the irosition coordinates of the beam shying optical system 44 enters an meoherency- 
rearfocal point of the i-th TS lens are expressed as fTSXi, 35 traiisforming unit 46 by which the coherency of the light is 
™ Gv- ^T^r^ 6 ^ **** **> 0Ti ^ toc position reduced. After Oris, the light passes the iiluniination optical 

(iWfc, RSYi) of the;' curvarure center of the i-th RS mirror svstem 47 > lt Wuniinates the surface of a reticle 56 Tlie 
is given by the following equations; light passing through the reticle enters a projection optical 

AEfeTwe SyStem 5 WhiCh is ^ JcDS to be exajnined ' ^ so tha^ a 

! 60 Partem formed on the reticle 56 surface is projected onto the 

RSK=7SnQ i surface of a wafer 57. 

mirror, bcing ^ J^e^^S^^ 



I 
f 
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ythe light _ 
path, and i 



interchanging miitOr 45 inserted into the light 
a directing optical system 48 and enters 
- condensing lens 49, Adjacent the focal point of the 
condensing lens W^ihere is a pinhole 50. The light passing 
through the pinhole 50 is transformed again into parallel 
light by means of a) collimator lens 51. The diameter of the 
pinhole 50 may W set to be approximately equal to the 
diffraction limit determined by the numerical aperture of the 
condensing lens 49,jto regulate the transverse mode of light. 
The parallel light emitted from the collimator lens 51 is 
divided by a half mirror 52 into two. In this embodiment, the 
light reflected by the half mirror is directed to a drift value 
referring optical system, while the light passing though the 
mirror is directed tb an optical system for the other mea- 
surement points, j 

In the measurement, the wafer chuck 58 moves out of the 
view angle of the projection optical system and, in place of 
u, an RS mirror 9 and a drift value referring RS mirror 25 
arc inserted into the view angle, 
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&e other hand, the light transmitted through the half mirror 
60 (hcrcmaAcr, "light B*) is reflected by a flat ciirrorj 62 
which is mounted on a movable stage 63, being moved by 
a piezoelectric device, for example, and the light i$ proiedted 
on the half mirror 64. The light B is reflected by the half 
P 1 ?^ gocs substantially along the same path as i the 

light A. The optical path difference between the light A and 
the hght B j from being divided by the half inirror 60 to being 
substantially combined into the same path by the half mirror 
64, is registered within the range or the coherence length of 
fee exposure hght source 43. What can be observed by a 
CCD camera 65 is an interference fringe produced byTthc 
light A and the light B being laterally shifted with respect to 
the hght A. *j 

The observed interference fringe is a differentiated vame 
to the lights A and B, m the same radial direction aboulkhe 
optical axis, having wavefront aberration* corresponding to 
uie sum of the projection optical sysiem 5 and the interme- 
diate optical systems. By integrating it and subtracAne 
^^J^JZf™*™^ - d errors ofB 



In the drift value referrhg optical system the liaht 20 EES? wavefr™ aberration and shape errors ofjthc 

reflected by the half mirror S2 is directed toV coL^or W ™ k * opbcai systems, the wavefront aberration ofihe 

54. The rear focal point o f the c^Stor le^ %T*T ft*" 1 Syst T L 5 1x5 d^ermined. The waVe- 

to ^approximate^ S^S^Z^ ^ °° ^ ^ meth< * * 

a result, the light collected by the collimator^ ^onL^^ ^J? ? m0VC * by 311 

projection optical system 5 The lieht nfoxtrih^M collimator lens 54, and the wavefront aberration! is 

impinging on the h^ mirror 52 then pL« £5££ SsSS fiX^^^' toUima,or leas 

mdj» light is incident on a half mirror 60 & SSlt } ' * * »** 4 

interferometer major assembly 66. T^. c 

On the other hand, in the optical system far the nM ™, .J^i- y . wuh ? e . wavefroM ««S"«raent at Ihc 
ment points, the light pwJtowXw^Sn* m ^ ^ ref ^£ "> «*e drift value, aid atfhc 

itfectedbyahal&Tw ftnSd^tcdtoT^^ f 1 ™^ ~w»«i points, the position coordinatedof 

lens 55. iL a^^lfStSS^SSi t S22 T « ^ 55 

movable stage, and the lieht convenasnee nmnt ,hJLr it centen5 of *e RS mirrors 9 and 25 can i be 

enables motion to any object poinl : adacen ta^^ « ™ e ^ w tf msM ^<^ion^ 

surface SI The ^Xfi H& '£ 8 ^ U ' e WBvefh)nt Md P° s,ti ~ coordinates 

Si^SS^ measuring ^ ftr mcasuring dl8 ^ * of 

system 5, and the curvature ceniw offte RS^lW «. m ^""B opucal system as has been described above 

di^ tob..p I {Z^^^Jf B B SiS ^ sc ^«^^«ofa change mm resp^ 

point of die focal #>in t position o/ the coDunaU™^ VZ^Ll^lr "7*1? ^ advereel y ^ 

«ath respect to the projeetion optical systems ^ a £J S2 A f lU ° Dally ' ^ ^^ment does hot 

consequence, the light collected by the ralfonatar lent « u . com P uaatt <J ^ numerous processes, such as exposU 

collected aga in J^S^tS^ 'S/Km^^I f ^pment, in thc lens evatuadon. Moreover, iiQbe 

V^^^S^^/^Slt^t 55 °T W,tt ^ t ^.^^ °y » drift of a n,ovile K 

RS mirror 9 ' whidi aSpScXl^^^SJ ff 7,!^ Pcrfbrma^S 

«, fixedly mourned onTc wafer stage ».^e reflet dsely ^'y ano^e- 

S£?^ y ^ iU ^ to — * e ( „^the invention has been described wnh reteren^ to 

W the structures disclosed herein, it is not confined lolhe 
details set forth and this application is intended to cover siich 



The inside structure of the interferometer major assembly 
66 will nqw be described. 



The light indention thc half mirror 60 is divided thereby 
into two. The light reflected by thc half mirror 60 
^reinafter, "light A n ) is reflected by a flat mirror 61, and ss 
toe beam diameter hereof is expanded by a beam expander 
07, After this, the light passes through a half mirror 64 On 



moQifications or changes as may come within the purposes 
of the improvements or the scope of thc following claims 
What is claimed is; ] 
1- A mcasuring system for measuring performance of tan 
imaging optical system by use of an interferometer said 
measuring system comprising: ' T 
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arranged to measure transmission wave- 
ly or sequentially, in relation to at least 
easurement points defined along a plane 
perpendicular to an optical axis of the iiwa^rt^ optical 
system, wherein position coordinates of object side and 
image side imaging points of the plural measurement 
points are measured; and 
a computing unit being communicated with said 
interferometer] said computing unit being operable to 
calculate a waveftpnt as measured by said interferom- 
eter and at least one 0 f a wavefront aberration and an 
imagin g state of the imaging optical system, and said 
computing unit being operable to correct a measured 
value related to at least one of a wavefront aberration 
and an imaging state of the imaging optical system at is 
another measurement point, while taking, a$ a 
reference, at least one of a wavefront aberration and an 
imaging state (at a standard point set along a plane 
perpendicular to the optical axis. 

2. A measuring system according to claim 1, wherein the 20 
measurement of a transmission wavefront and position coor- 
dinates with respeeq to the standard point is performed plural 
tunes more than the? measurement of the transmission wave- 
front and position coordinates with respect to another mea- 
surement point. ; 25 

3. A measuring [system according to claim 2. wherein 
measurement of the twnsmission wavefront and position 
coordinates with respect to the standard point is performed 
simultaneously and every time the measurement of the 
transmission wave;front and position coordinates with 30 
respect to another measurement point is performed. 

4. A measuring system according to claim 1, wherein the 
standard point is anj object point and an image point on the 
optical axis of the anaging optical system. 

5. A measuring system according to claim 1, wherein the 3$ 
position coordinate? or the measurement point concern a 
relative coordinate! system with respect to the position 
coordinates of the standard point. 

6. A measuring system according to claim 1, wherein an 
optical system for (measurement of the standard point is o 
provided separately jfrom an optical system for measurement 
of the other measurement point 

7. A measuring s^em according to claim 6, wherein the 
optical system for measurement of the other measurement 
point is movable at the object plane side and the image plane 45 
side and it has a laser interferometer for monitoring the 
position coordinated thereof, 

8. A measuring system according to claim 6, wherein 
there are optical systems for measurement of the other 



measuring points, tie number of which corresponds to the so point 

number nf Hip mMoiimMiM* . _ 
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13. A projection exposure apparatus for performing Pro- 
jection exposure by use of an imaging optical system, said 
apparatus comprising: 1 
an imaging optical system; j 
an interferometer arranged to measure transmission wave- 
fronts separately or sequentially, in relation to at ifcast 
one of plural measurement points defined along a pfcnc 
perpendicular to an optical axis of the imaging optical 
sysiem, wherein position coordinate* of object side and 
image side imaging points of the plural measurcnicnt 
points are measured; and r 
a computing unit being communicated with skid 
interferometer, said computing unit being operabli to 
calculate a wavefront as measured by said interferem- 
eter and at least one of a wavefront aberration ant) an 
imaging state of the imaging optical system, and said 
computing unit being operable to correct a measured 
value related to at least one of a wavefront aberration 
and an imaging state of the imaging optical system at 
another measurement point, while taking, as a 
reference, at least one of a wavefront aberration and an 
imaging state at a standard point $et along a plknc 
perpendicular to the optical axis. ! 
14. A measuring system for measuring performance of an 
imaging optical system, comprising: 
an interferometer arranged to measure transmission waVe- 
fronts separately or sequentially, in relation to at l^asi 
one of plural measurement points defined along a plane 
perpendicular to an optical axis of tlte imaging optfeai 
system, wherein position coordinate** of object side and 
image side imaging points of the plural measurement 
points are measured; and 
a computing unit being communicated with sprd 
interferometer, said computing unit being operable to 
calculate a wavefront as measured by said mterferrjm- 
eler and at least one of a wavefront aberration an^ an 
imaging state of the imaging optical system, and grid 
computing unit being operable to correct al least one of 
distortion and a focal plane at another mea$Tnxrnfent 
point of the imaging optical system, while taking, is a 
reference, at least one of distortion and a focal plane at 
a standard point set along a plane perpendicular to jthc 
Optical axis. < 
15. A measuring system according to claim 14, wherem a 
result of measurement of distortion and focal plane with 
respect to the other measurement point is complemented) on 
the basis of a result of measurement made plural times to the 
distortion and the focal plane with respect to the standard 



number of the measurement points. 

9, A measuring system according to claim 1, wherein the 
measurement with respect to the standard point and the other 
measurement poinis is carried out by use of one and the 
same optical system. 

10. A measuring system according to claim 9, the same 
optical system for measurement of the standard point and the 
measurement point is movable at the object plane side and 
the image plane side, and there iB a laser interferometer for 
monitoring the moved position coordinates. 

11- A measuring system according to claim 1, wherein, in 
an optical system fqr the other measurement point, a chief 
ray of light impinging on the measurement points is regis- 
tered with a direction of a chief ray of the imaging optical 
system. I 

12. A measuring s^iem according to claim 1 wherein the 
imaging state includes distortion and curvature of field. 



16. A measuring system according to claim 14, wherein 
the standard point is an object point and :in image point] on 
the optical axis of the imaging optical system. \ 

17. A measuring system according to claim 14, wherein 
55 the positfen coordinates of the measurement prnnt concern a 

relative coordinate sysiem with rcapect to the position 
coordinates of the standard point I 

18. A measuring system according to claim 14, wherein 
correction of a change of distortion and focal plane wjth 

60 respect to tunc is carried out by subtracting the amounrjof 
change mam the measured values of them. 

19. A measuring system according to claim 1 4, wherein! an 
optical system for measurement of the standard point] is 
provided separately from an optical system for measurement 

65 of the other measurement point 

20. A measuring system according to claim 19, wherein 
the optical system for measurement of the other measure- 
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ment point is mova >le at the object plane side and the image 
plane side and it has alasermterferometer formomrarinTthe 
position coordinate ; thereof. 

21. A measuring system according to claim 19, wherein 
there are optical sys tern for the other measurement points of < 
a number the same as the measurement points. 

22, A measuring system according to claim 14, wherein 
the measurement with respect to the standard point and the 
other measurement points is carried out by use of one and 
tne_s&mc optical system, ^ 

aj. a measuring system according ro claimSw. the same 
optical system for measurement of the standard point and the 
measurement pomtjis movable at the object plane side and 
the image plane sicfc, and there is a laser interferometer for 
monitoring the moved position coordinates. 

24.Ameasurmgisystemarcornlngtoclatml4 wherein " 
m an optieal system! for ihe other measurement point, a chief 
ray of light rmpinginB on the measurement points is reris- 
syrarn * directi ? a of 3 chiefra y ot the imaging optical 

A P^ 00 ^ 011 Exposure apparatus for perfonning pro- 20 
jectoon exposure by use of an imaging optical system^ said 
apparatus comprising: 
an imaging optical system; 

an interferometeriarranged to measure transmission wave 
fronts (separately or sequentially, in relation to at least 25 
one of plural measurement points defined along a plane 
perpendicular to an optical axis of the imaging optical 
system, wherem position coordinates of object side and 
image side imaging points of the plural measurement 
points are measured; and 



30 



a computing unit being communicated with said 
mtcrferomctcr,) said computing unit being operable UJ 
calculate a wavefront as measured by said interferom- 
eter and at least one of a wavefront aberration and an 
imaging state of the imaging optical sysiem, and said 
computing unit being operable to correct at least one of 35 
distortion andja focal plane at another measurement 
point of me imaging optical system, while taking, as a 
reference, at lehst one of distortion and a focal plane at 
a standard point s c t along a plane perpendicular to the 
optical axis. 
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26. A method Of measuring performance of an imaging 
optical system by use of an interferometer, said method 
comprising the steps of: j 

measuring, by use of the interferometer, transmisiion 
wavefronts separately or sequentially, in relation to at 
least one of plural measurement points defined along a 
plane perpendicular to an optical axis of the imaing 
optical system, wherein position coordinates of object 
side and image side imagiag points of the plural 
measurement points are measured; 
calculating a wavefront as measured by the mtcrfcrometer 
?* d * least One Of a wirvcfrnnt .^L 

imaging tiuk oi ihe imaging opucal system; and "j 

correcting a measured value related to at least one of a 
wavefront aberration and an imaging state of the imag- 
ing optical system at another measurement point, while 
taking, as a reference, at least one of a waveftont 
aberration and an imaging state at a standard poincset 
along a plane perpendicular lo the optical axis. ! 
27. A method of measuring performance of an imaging 
optical system by use of an interferometer, said method 
comprising the steps of: ; 

measuring, by use of the interferometef, transmission 
wavefronts separately or sequentially, in relation to at 
least one of plural measurement points defined along a 
plane perpendicular to an optical axis of the imajng 
optical system, wherein position coordinates of object 
side and image side imaging poiats of the pmral 
measurement points arc measured; 1 
calculating a wavefront as measured by said microm- 
eter and at least one of a wavefront aberration and an 
imaging state of the imaging optical system; and ' 
correcting at least one of distortion and a focal plane at 
another measurement point or the imaging optical 
system, while taking, as a reference, at least one; of 
distortion and a focal plane at a standard point set along 
a plane perpendicular to the optical axis. 
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